The purpose of this study was to investigate the effectiveness of a weight maintenance program conducted over the Internet. DESIGN: Longitudinal, clinical behavioral weight loss trial with 6-month in-person behavioral obesity treatment followed by a 12-month maintenance program conducted both in-person (frequent in-person support; F-IPS, minimal in-person support; M-IPS) and over the Internet (Internet support; IS). SUBJECTS: A total of 122 healthy, overweight adults (age ¼ 48.4 AE 9.6, BMI ¼ 32.2 AE 4.5 kg=m 2 , 18 male) MEASUREMENTS: Body weight, dietary intake, energy expended in physical activity, attendance, self-monitoring, comfort with technology. RESULTS: Results (n ¼ 101) showed that weight loss did not differ by condition during treatment (8.0 AE 5 vs 11 AE 6.5 vs 9.8 AE 5.9 kg, P ¼ 0.27 for IS, M-IPS and F-IPS, respectively). The IS condition gained significantly more weight than the F-IPS group during the first 6 months of weight maintenance ( þ 2.2 AE 3.8 vs 0 AE 4 kg, P < 0.05) and sustained a significantly smaller weight loss than both in-person support groups at the 1 y follow-up ( 7 5.7 AE 5.9 vs 7 10.4 AE 9.3 vs 7 10.4 AE 6.3 kg, P < 0.05 for IS, M-IPS and F-IPS, respectively). Attendance at maintenance meetings was greater for the F-IPS than the IS condition over the 1 y maintenance program (54 vs 39%, P ¼ 0.04). Acceptability of assigned condition was higher for subjects in the F-IPS than IS condition. CONCLUSION: The results of this study suggest that Internet support does not appear to be as effective as minimal or frequent intensive in-person therapist support for facilitating the long-term maintenance of weight loss.
Introduction
Currently, behavioral treatments for obesity produce a 9% loss of body weight over an average of 21 weeks of treatment. 1 Unfortunately, after an initial period of weight loss, weight regain typically begins gradually until weight stabilizes about 4% below baseline levels. 2, 3 In light of this pattern toward weight recidivism, significant energy is being targeted toward improving the long-term maintenance of weight loss.
One strategy that has shown promise is extending the length of treatment. 4, 5 However, the difficulty often encountered with this approach is the unwillingness of patients to continue to participate in clinic visits over long periods of time. Attendance at treatment meetings that have been extended for up to 12 -24 months has been disappointing. Jeffery et al found that attendance at monthly meetings following weight loss averaged only 25%. 6 Similarly, Wing et al 7 found attendance during the first 6 months of a 2 y intervention averaged 61% with only 27% attendance of later sessions. Because the evidence clearly suggests that patients do better with extended treatment, 8, 9 novel approaches are needed to keep subjects engaged and involved in interventions over a longer period of time. The use of the Internet may provide an option for reducing the patient burden associated with perpetual clinic visits. Two-thirds of Internet users, now estimated to be approximately 56% of the population, use it for seeking out medical information. However, despite the proliferation of computer-based health intervention strategies and health education Web sites, 10, 11 there is limited evidence that computer-based technologies can be used to support weight management efforts. 12 Recently, Tate et al 13 found that participants in a 6-month Internet behavior therapy program lost significantly more weight than individuals in an Internet education group. This study did not include a follow-up and weight losses were modest compared to the 9% typically seen in face-to-face interventions. However, the investigators determined the Internet to be a viable vehicle for delivering obesity treatment. Similarly, in a pilot study designed to determine the feasibility and acceptability of using the Internet for a weight maintenance intervention, HarveyBerino et al, 14 randomized subjects to a face-to-face, Internet-based, or no-treatment control condition for 22-weeks after initial weight loss. While the Internet was found to be a feasible, acceptable medium for delivering a weight maintenance intervention, the length of follow-up and sample size of the study prohibited drawing conclusions regarding its effectiveness when compared to face-to-face support.
Thus, the purpose of this study was to test a novel approach to sustaining long-term contact with individuals following participation in a structured behavioral weight loss program. We hypothesized that individuals in the Internet condition would maintain more weight loss than those in the comparable in-person condition.
Methods

Participants
One hundred and twenty-two (104 women, 18 men) overweight adults with a mean ( AE s.d.) age of 48.4 AE 9.6 and body mass index (BMI) of 32.2 AE 4.5 kg=m 2 , were recruited through newspaper advertisements. In order to assess the computer capability of prospective participants, a study Web page was developed to facilitate the collection of information regarding subjects' available computer hardware and Internet access. Subjects were required to submit this information to the Web site prior to participating in the study orientation meeting. Interested participants were further screened for eligibility via phone. Eligibility criteria included age over 18, BMI ! 25 and a computer with at least 16 Megabytes of RAM, Windows 95 or 98 as a computer operating system, and a 28.8 kbps Internet connection. Subjects were ineligible if they had a history of major medical or psychiatric problems; planned a pregnancy within the next 18 months; or were unable to participate in an exercise program.
Design
After attending an orientation session and signing informed consent, subjects were randomly assigned to one of three weight maintenance conditions: (1) Internet support (IS; n ¼ 40); (2) in-person support (F-IPS; n ¼ 41); or, (3) minimal in-person support (M-IPS; n ¼ 41). All subjects participated in an identical 24-week behavioral weight control program, prior to beginning the 12-month weight maintenance intervention. Although subjects were randomized prior to beginning weight loss, they were not told which maintenance condition they were in until after they completed the 24-week treatment program. All subjects were seen for assessment measures at baseline, 6, 12 and 18 months. Participants in each group were offered the chance to enter a lottery to win $50 for attending scheduled assessment meetings. The study was approved by the Committee on Human Research at the University of Vermont.
Treatment program
The 24-week treatment program focused on the modification of eating and exercise habits through the use of behavioral strategies and self-management skills. Meetings were held weekly for 1 h and printed lessons were given out to reinforce the weekly discussion. Subjects were instructed to reduce their energy intake to 1000 -2500 kcal per day, depending on their baseline body weight. Energy intake goals were determined by multiplying baseline weight in pounds by 12 (to get an estimate of current energy intake) and subtracting 1000 kcal. This method has been used in previous studies and is known to encourage a weight loss of 1 -2 lb per week. 6 During weight loss treatment, subjects were taught the principles of a healthy diet and generally encouraged to follow a diet that met the Dietary Guidelines. 15 The emphasis, however, was on staying below their energy intake goal. Subjects recorded their energy intake daily throughout the 24-week program. Their diaries were reviewed and advice was given on strategies for lowering energy intake while maintaining a nutritionally balanced diet. Patients in both groups were taught the benefits of exercise for weight management and other cardiovascular risk factors. Graded goals for programmed activity (ie walking) were used throughout the program, and patients monitored the amount of energy expended on a daily basis. The importance of lifestyle activity (eg using the stairs instead of the elevator) was also emphasized, and patients were encouraged to gradually increase lifestyle activity throughout the program. Subjects were also taught the principles of behavior modification to enhance self-management of energy intake and expenditure. Weekly sessions included discussions of stimulus control, problem solving, social skills training and relapse-prevention training. Table 1 ). The F-IPS group met in-person on a bi-weekly basis for 52 weeks.
Maintenance conditions
Internet and weight maintenance J Harvey-Berino et al Subjects turned in their self-monitoring diaries, got weighed and participated in a discussion facilitated by a group therapist. These discussions focused on problem-solving difficult eating and exercise situations. On the weeks when the group was not meeting, subjects received a phone call from the group therapist and submitted their self-monitoring data (energy intake, exercise energy expenditure and body weight) via post-cards supplied by the investigators. Subjects also participated in a social-influence peer-support program. Every week they had the opportunity to earn points for adhering to the following program goals: (1) staying within their calorie goal; (2) meeting or exceeding their exercise goal; (3) returning their self-monitoring data; (4) attending the group meeting or mailing in their post-card; and (5) initiating contact with group members. These points were converted into lottery tickets (ie the more points you earned the greater your chances of winning) and subjects had the chance to win $25 per week in the lottery.
Internet support. All participants in the IS condition attended an initial technical orientation session led by one of the study co-authors (PB or SP). Participants were taught the basic procedures for logging in to the study Web-site, how to access the electronic self-monitoring forms and dietary analysis program, and procedures for chat room and bulletin board functions. Each participant was given a unique login name and numerical password, and all Webbased data collected was stored using this numerical password.
Subjects attended bi-weekly maintenance meetings in the form of an Internet chat session. Subjects entered the chat room at a prearranged time and the discussion was facilitated by the group therapist. Prior to joining the chat room, participants entered their self-monitoring data on a form set up on the study's Web page and viewed a short video of the group therapist who introduced a topic for discussion. The video segments were delivered using streaming video technology (RealVideo Server, RealNetworks Inc., Seattle, WA, USA) and were done to keep the content of the group discussion as similar as possible between the F-IPS and IS groups. During the weeks when the group was not meeting, subjects received an e-mail from the group therapist and they had the opportunity to enter their weekly self-monitoring data on the Web page form. They similarly participated in the weekly lottery and had the opportunity to earn points for lottery tickets for engaging in the same behaviors as the F-IPS group. Group members could contact each other via email, by posting questions to a bulletin board on the study web site or by making appointments to chat with each other in the chat room. All investigator initiated communication with the IS group was done electronically.
Minimal In-person support. Participants randomized to the M-IPS condition continued to meet in-person, monthly, for the first 6 months of the 12-month weight maintenance condition. At these meetings, weight was measured and subjects attended an hour-long weight maintenance support group. They were encouraged to continue self-monitoring although their diaries were not reviewed by the therapists. Subjects in this group were not contacted between monthly meetings and there was no contact from months 7 to 12.
Dependent measures. The following measures were obtained at 0, 6, 12 and 18 months:
1. Body weight was measured on a beam-balance scale with participants in their street clothes, without shoes. Height was self-reported. 2. Energy intake was measured using the Block Food Frequency Questionnaire 16 and analyzed using the National Cancer Institute Dietary Analysis System, 4.01 software program. 3. Energy expended in physical activity was measured at 0, 6, 12 and 18 months using the Paffenbarger Physical Activity Questionnaire. 17 A number of process measures were used in an effort to identify the mediators of change in weight. These included the following:
1. At baseline, subjects were asked to choose one of the following statements to describe their computer ability:
(1) novice with little or no computer experience; (2) comfortable with basic software applications; (3) comfortable with basic software applications and the Internet; (4) hobbyist with more advanced understanding of software and hardware; or (5) computer professional. They were additionally asked to rate their level of agreement Bi-weekly e-mail contact with therapist. Subjects self-report weight, dietary intake and exercise data which was reviewed on-line Therapist led problem solving discussions of difficulties encountered in maintaining eating and exercise behaviors Therapist-led Internet video sessions. These were followed by Internet chat sessions moderated by the therapist Peer-led sessions and peer-initiated phone contact to encourage social support A (moderated) e-mail discussion group was initiated for subjects to converse with each other as often as they would like Phone and mail contact during weeks when therapist-led group did not meet Brief e-mail contact initiated by the therapist bi-weekly
Internet and weight maintenance J Harvey-Berino et al with the statement, 'I enjoy using computers', on a fivepoint scale where 1 ¼ strongly agree and 5 ¼ strongly disagree. 2. Attendance at group meetings and chat sessions was recorded. 3. Adherence to self-monitoring was assessed by calculating the number of weeks subjects in the F-IPS and IS groups submitted self-monitoring records. This included data submitted via the study Web page by the IS group members and post-card and diary data submitted by the F-IPS group members. 4. The acceptability of both the F-IPS and IS conditions was assessed at 6 and 12 months by having subjects rate their level of agreement with the statement, 'I would prefer being in the group that meets over the Internet=in-person', on a five-point scale where 1 ¼ strongly agree and 5 ¼ strongly disagree. 5. Peer-support was assessed by counting the number of peer-support contacts initiated by group members in both the F-IPS and IS conditions.
Statistical analysis
Data were examined using both an intent-to-treat analysis (n ¼ 122) and with those having complete data for all measures (n ¼ 90). There were no differences in results between these two methods, thus data are presented as the results of analysis with a complete data set. Repeated measures analysis of variance was used to assess changes in weight, energy intake and energy expended in physical activity. Chi-squared analysis was used to assess differences between groups in computer ability, enjoyment of computers, and acceptability of assigned condition. Differences in attendance, self-monitoring and number of peer-support contacts was analyzed using analysis of variance. The significance level was set at 0.05 and Bonferonni adjustments were made for multiple comparisons when the ANOVA was significant. All analyses were performed using the Statistical Package for the Social Sciences (SPSS for Windows, version 10.05, SPSS Inc., Chicago, IL, USA).
Results
Characteristics of study participants at baseline are shown in Table 2 by maintenance group condition. Subjects were between the ages of 26 and 77 y, had an average BMI of 32.2 AE 4.5 kg=m 2 , were predominately white and well educated. The majority of subjects were comfortable with basic computer applications and enjoyed using computers. There were no significant differences between groups for any of the dependent variables.
Attrition was 18% after 6 months of treatment and 24% over 18 months of evaluation. Seventy-three percent of participants provided data at all assessment points. There was no significant difference between treatment groups at 
Body weight change
Mean changes in absolute body weight by treatment group are shown in Figure 1 for the 90 subjects with complete assessment data (32 F-IPS, 30 IS, 28 M-IPS). There was no significant difference between the groups in the amount of weight lost during the 24-week treatment with all groups losing an average of 9.5 AE 5.9 kg (8.0 AE 5 vs 11 AE 6.5 vs 9.8 AE 5.9, P ¼ 0.11 for IS, M-IPS and F-IPS, respectively). Repeated-measures ANOVA examining weight showed a significant treatmentÂtime interaction (P < 0.0001). Post-hoc analysis showed that those in the IS condition gained significantly more weight than the F-IPS group during the first 6 months of weight maintenance ( þ 2.2 AE 3.8 vs 0 AE 4 kg, P ¼ 0.05) and sustained a significantly smaller weight loss than both the M-IPS and F-IPS group at the 18 month followup ( 7 5.7 AE 5.9 vs 7 10.4 AE 9.3 vs 7 10.4 AE 6.3 kg, P < 0.05 for IS, M-IPS and F-IPS conditions, respectively). There were no weight loss differences between the M-IPS and F-IPS groups at any point. Finally, significantly more participants in the M-IPS and F-IPS groups maintained a weight loss greater than or equal to 5% at the 18 month follow-up than the IS group (81.3 vs 81 vs 44.4%, P ¼ 0.02 for M-IPS, F-IPS and IS, respectively).
Adherence to treatment goals and acceptability of group assignment Additional analyses explored the possible mechanisms responsible for the observed treatment effects. Differences by treatment groups in weight maintenance were paralleled by attendance at treatment sessions ( Figure 2 ). Attendance was greater for the F-IPS condition than the IS condition over the 1 y maintenance program (54 vs 39%, P ¼ 0.04). While there was no significant difference in attendance between the three maintenance conditions in the first 6 months of maintenance (6 -12 months), the difference in attendance over the second 6 months of maintenance (12 -18 months) showed a trend toward significance for the F-IPS vs IS conditions (39 vs 26%, P ¼ 0.08). There was no difference in the percentage of weeks self-monitoring data was submitted for either group with participants in the F-IPS condition submitting self-monitoring diaries or postcards for 22% of the weeks and participants in the IS condition submitting online data 19% of the weeks of maintenance. Participants in the IS condition reported significantly more peer support contacts than the F-IPS condition (6.8 AE 13.5 vs 0.04 AE 0.43, P ¼ 0.02, for the IS and F-IPS conditions, respectively). Participants in the F-IPS and IS conditions were additionally asked to rate the acceptability of their maintenance group assignments both at the 6 month assessment point (prior to beginning the maintenance treatment) and at the 12-month assessment point (6 months after participating in the maintenance treatment). At the 6-month assessment, 35% of subjects in the IS condition agreed or strongly agreed with the statement, 'I would prefer to be in the group that meets in-person'. This percentage increased to 70% of participants at the 12-month assessment. Thirty-six percent of subjects in the F-IPS condition agreed or strongly agreed with the statement, 'I would prefer to be in the group that meets over the Internet' at the 6-month assessment. At 12 months, a similar percentage (40%) still agreed or strongly agreed with this statement.
Repeated measures analysis of variance showed a significant time effect (P < 0.001), but no group by time interaction (P ¼ 0.55) for changes in energy intake. All groups significantly decreased reported energy intake during treatment ( 7 2189 AE 2691 kJ=day; baseline to 6 month assessments) with the F-IPS group remaining significantly below baseline at 18 months ( 7 1691 AE 2139 kJ=day; P < 0.001). Similarly, changes in reported physical activity between the four assessments were examined using repeated measures analysis of variance. There was a significant time effect (P < 0.001) Internet and weight maintenance J Harvey-Berino et al but no group by-time effect (P ¼ 0.56). All groups significantly increased reported physical activity during treatment (3951 AE 8150 kJ=week; P < 0.01) with the F-IPS group remaining significantly higher than baseline at the 18 month assessment (5458 AE 8434 kJ=week; P ¼ 0.008).
Discussion
Previously it was shown that the Internet was a feasible, albeit less acceptable, vehicle for delivering a weight loss maintenance program. 14 The present study replicated this finding and examined the long-term impact of an Internet maintenance program on weight change. The main finding was that an intensive weight maintenance program conducted over the Internet was not as effective at facilitating long-term weight loss as either a minimal or frequent faceto-face contact weight maintenance program. Participants lost an average of 9.5 kg during the 24 weeks of face-to-face behavioral treatment. These results correspond closely to the 8.5 kg loss expected in current behavioral weight control studies. 18 However, during the maintenance program, participants in the Internet condition gained back twice as much weight as those in either of the face-to-face conditions over a 12-month period. Upon closer examination, it appears that the Internet group gained weight during the first (months 6 -12) and second 6 months (months 12 -18) of maintenance, while gains experienced by the face-to-face conditions were primarily during the second 6 month period (12 -18 months). Thus, not only did the Internet condition gain more weight but they began to gain almost immediately after treatment ended. Additionally, at the end of the 12-month follow-up, twice as many individuals in the face-to-face maintenance conditions sustained a clinically significant weight loss of at least 5% of baseline body weight.
It is interesting to note that there were no weight loss differences between the frequent in-person support and minimal in-person support conditions. These results are contrary to those in the literature. For example, Perri et al 19 found that those with bi-weekly post-treatment contact over 12 months sustained a significantly greater weight loss than those with no further post-treatment contact. The F-IPS group met bi-weekly over a 12-month period and additionally had phone and mail contact with their group therapist. The M-IPS condition met with one-quarter the frequency and had no contact with study personnel between monthly meetings or after the first 6 months of the maintenance condition. While subjects in the M-IPS condition were not a true 'no treatment control', we hypothesized, based on previous research, 20 that subjects in both the intensive support conditions (IS and F-IPS) would do better than those in the M-IPS condition. Instead of observing weight loss differences based on intensity of contact, we observed differences that are perhaps attributable to face-to-face vs distant, or 'real' vs 'virtual' modes of contact.
The data presented above suggest two variables that may help to explain these observed differences. First, attendance was lower in the Internet condition over the 12 months of maintenance than in the F-IPS condition. This is important as attendance has been found to correlate positively with weight loss. 21 Attendance averaged 54% of bi-weekly meetings for IPS group participants vs an average of 39% attendance for the bi-weekly on-line chat sessions. We originally hypothesized that subjects in the Internet group would find it not only more convenient to 'attend' meetings on-line, but perhaps less anxiety-provoking if they did not have to face a weigh-in at each session. Our clinical impressions, and that of others, 22 suggest that participants often stop coming to meetings because they are having trouble with their weight and are ashamed or embarrassed. Theoretically, meeting over the Internet would effectively remove both of these barriers. However, while attendance decreased over time for both 12-month maintenance groups, it was clear that holding meetings via electronic chat did not significantly reduce the hypothesized barriers to attendance. Our previous research suggests this is because Internet participants feel they are unable to communicate effectively with their group members and therapist.
14 Thus, any gains made in increasing convenience and decreasing visual accountability appear to be lost due to the poor quality of Web-based interpersonal interactions. Finally, although the M-IPS group had high attendance ratings (65 vs 56 vs 69% for the M-IPS, IS and F-IPS, respectively), they only met monthly for the first 6 months post-treatment. It is not clear whether attendance for this condition would have fallen off over time, although it is our experience, and has been that of others, 7 that it would have.
The second variable helping to explain group differences were the reported acceptability ratings to group assignment. Prior to beginning their respective maintenance conditions, slightly over one-third of subjects assigned to the IS or F-IPS groups reported wanting to be in the condition they were not assigned to. However, 6 months after the treatment was initiated, over twice as many IS group participants reported wanting to be in a group that met in-person, while those in the in-person condition didn't change their preference from the start of maintenance. One of the reasons for the lack of enthusiasm on the part of the Internet group members may have the fact that they initially engaged in a face-to-face, 24-week, weight loss treatment program with their group members. In other words, they were accustomed to seeing each other and may have not only been disappointed, but had diminished expectations regarding their chances for success once they had to stop meeting in-person. Due to the weight loss success of the Internet subjects in the Tate et al study, 13 it would be important to assess the effectiveness of the Internet as a sole means of weight loss treatment and maintenance support without mixing the two modes of communication.
The fact that changes in reported diet and physical activity did not parallel the observed changes in body weight is not surprising. Measuring diet and physical activity rely on Internet and weight maintenance J Harvey-Berino et al self-report of behavior. Research suggests that individuals tend to misreport both energy intake and energy expended in physical activity. 23, 24 This is especially common in overweight individuals. Thus, the failure to find a difference in diet and exercise patterns may have been a function of measurement and reporting error rather than a true lack of difference in energy balance.
Some have speculated that the Internet may not be a substitute for, but a supplement to, face-to-face interaction. 25 In this study, the Internet was utilized more as a way to facilitate peer-initiated support. Significantly more peer contacts were made by IS group members than those in the F-IPS condition. Unfortunately, the support Internet group members may have obtained through their e-mail interaction was clearly not enough to enhance their weight loss. Thus, future research will need to explore how to best capitalize on this function.
In conclusion, the weight change, attendance patterns and stated preference for group assignment strongly suggest that the Internet is not more effective than face-to-face communication for facilitating long-term weight loss. It is not clear however, whether components of an Internet program can be used to successfully augment a face-to-face intervention or whether there are specific individual characteristics that might predict success with an Internetmediated weight loss program.
